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SYMMETRIC HYSTERESIS CURVES OF RARE EARTH-COBALT MAGNETS MEASURED BY HIGH MAGNETIC 
FIELDS 
0. Yamada, H. Maruyama, R.  Pauthenet and J .  C .  Picoche 
Abstract  - SmCo5 magnets show g e n e r a l l y  a s y k e t r i c a l  
hys te res i s  curves  in  the  reg ion  of ordinary magnetic 
f i e l d   s t r e n g t h .  However, i f   t h e s e  magnets a r e  
magnetized by  a f i e l d  of over 1 4  T ,  hysteresis  loop 
becomes symmetr ic ,  except  for  the experimental  errors  
caused by the   t he rma l   f l uc tua t ion   a f t e r   e f f ec t .  The 
inf luence  of t h e  a f t e r  e f f e c t  on the magnetization 
curve and the  coerc ive  force  IH, are  discussed.  
INTRODUCTION 
It i s  a well known fac t  t ha t  t he  r a re  ea r th -coba l t  
permanent magnets such a s  SmCos can be f u l l y  magnetized 
by magnet ic  f ie ld  of only 1 o r  2 T (Tes la )  in  the case 
o f  in i t ia l  magnet iza t ion ,  bu t  the  coerc ive  force  1HC 
a t ta ins   a lmost  3200 kA/m (4  T ) .  Therefore,   the SmCo5 
magnets show generally asymmetrical  hysteresi~s curves,  
which  seems qu i t e  s t r ange  from the standpoint of common 
c h a r a c t e r i s t i c s  of magnetic  materials.  It i s  a matter 
o f  i n t e r e s t  t o  s t u d y ,  i f  t h i s  s i t u a t i o n  w i l l  be changed 
under high magnetic fields.  
We have measured a t  room temperature the magnetiza- 
t ion curve of SmCo5 magnets on the market using the high 
magne t i c  f i e ld  in s t a l l a t ion  and a l so  s tud ied  the  in f lu -  
ence  of  thermal  f luc tua t ion  a f te r  e f fec t  on the hystere-  
sis loop and the  coe rc ive  f i e ld .  
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RESULTS 
Symmetrical Hysteresis Loop under High Magnetic Fields 
The hysteresis curves measured by applying maximum 
f i e l d  of 1 9  T a r e  shown in  F ig .1  aga ins t  t he  e f f ec t ive  
magnet ic   f ie ld .  It is  eas i ly  seen  from t h i s  f i g u r e  
tha t  t he  hys t e re s i s  cu rves  a re  exac t ly  symet r i c  excep t  
for  the experimental  errors  caused by magnet ic  af ter  
e f f e c t .  The p a r t  of the  magnet izat ion  curve ap- 
proaching t o  t he  sa tu ra t ion  and the  dec reas ing  pa r t  
from the saturat ion magnet izat ion are  represented in  
de t a i l  i n  F ig .2 .  Th i s  f igu re  shows t h a t  t h e  h y s t e r e s i s  
d i sappears  above 1 4  T; namely i t  means t h a t  i n  o r d e r  t o  
obtain the symmetr ical  hysteresis  loop for  SmCo5-type 
permanent magnet, i t  i s  necessary to  apply a magnetic 
f i e l d  of  more than 1 4  T. The ordinary  demagnetization 
curve I a g a i n s t  e f f e c t i v e  f i e l d  H i n  t he  case  of apply- 
ing 1 9  T i s  given in Fig.3.  
The demagnetization curve near the coercive force 
i s  d i f f i c u l t  t o  be determined because of  a thermal 
f l u c t u a t i o n  a f t e r  e f f e c t ,  which i s  very remarkable in 
the  rare  earth-cobalt   magnets.  It was already  pointed 
out [ 2 ]  that  the magnet izat ion curve and coercive force 
i n  permanent magnets can vary because of the thermal 
SPECIMEN AND INSTALLATION 
The measured  specimen i s  COW-1800 (SmCos-type) 
kindly provided by  Sumitomo Special  Metals CO., L t d . ,  
Japan and has been shaped into a sphere which diameter 
is 5.04 mn. The measurement  has  been  performed  using 
high magnet ic  f ie lds  with resis t ive magnets  of "Service 
National d e s  Champs Intenses", which can produce easily 
29 T. The d e t a i l s  of t he  in s t a l l a t ion  can  be  seen  in  
r e f .  [l]. 
SmCos 
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SmCos 
f luc tua t ion  a f t e r  e f f ec t ;  i f  t he  magne t i za t ion  i s  
changed  from A t o  B (zero magnetization) in Fig.4 by 
applying a f i e l d  H f o r  a long time, H may a l s o  be 
def ined  as  a coercive  force.   Therefore  there  can be 
var ious values  of coercive force according to  var ious 
waiting times. 
sented by AB of Fig.4 is  given [3] by 
The magnetization change AI, f o r  a time t, repre- 
A I  = xi r r  Sv ( Q + l n t  ) (1) 
where xirr is  t h e  i r r e v e r s i b l e  s u s c e p t i b i l i t y ,  Sv t he  
a f t e r  e f f e c t  c o n s t a n t  and Q a cons tan t .  
On the  o ther  hand ,  in  F ig .  4 i f  t h e  v a l u e  of OC,  
coercive force to be measured at  the  moment where w e  
apply the magnet ic  f ie ld , is  designated by IHc(0), and 
t h a t  of OB, coercive force measured at  a time t a f t e r  
applying the magnet ic  f ie ld ,  by IHc(t)  and a l s o  t h e  
t o t a l  d i f f e r e n t i a l  s u s c e p t i b i l i t y  i n  t h e  neighbourhood 
Fig. 4 .  Example  of  a magnetic  field  IHc(t)  which be- 
comes a coercive force owing to  the  ex is tence  of  
a f t e r  e f f e c t .  
of po in t  C i s  expressed by a + xirr, where a i s  the  
r eve r s ib l e  suscep t ib i l i t y ,  t hen  we have 
From (1.) and (2)  i t  i s  shown tha t  the  coerc ive  force  is  
expressed as a func t ion  of measuring time t a f t e r  
s e t t i ng  the  app l i ed  f i e ld  cons t an t ,  namely 
It i s  quite noteworthy that although the demagnet- 
i z i n g  f a c t o r  of specimen is d i f f e r e n t  from zero,, (3) 
is  valuable independently of the demagnetizing factor 
of t he  specimen [4 ] .  Our experiments show t h a t   t h e  
change of IHc(t) between t = 1 and 10 second a t t a i n s  
almost 8 k A / m  (0.01T) and the value of Sv is 10 - 11 
kA/m (0.013 - 0.014 T) a t  room temperature  for  SmCos- 
type magnets. 
Peculiar Behaviour of the  Af te r  Ef fec t  in  SmCos Magnets 
The thermal  f luc tua t ion  a f te r  e f fec t  in  SmCo5 
magnets shows o f t en  a pecul iar  behaviour;  i f  we repea t  
the  same measurement  by using the same f i e l d ,  we some- 
times observe a smal le r  a f te r  e f fec t  for  the  second 
t i m e ,  and s t i l l  smal le r  for  the  th i rd  t i m e ,  a s  shown i n  
F ig .5  a f t e r  e f f ec t  measurements i n  remanent magnetiza- 
t i o n  f o r  a samarium-cobalt magnet [ 5 ] .  The a f t e r  e f -  
Fig. 3 .  Demagnetization  curve I aga ins t   e f f ec t ive  
f i e l d  H in  the  case  of applying 19  T f o r  SmCos 
magnet. 
Fig. 5 .  After   effect   observed  a t   the   remanent   s ta te   in  
cases  of repeated measurements for a sample  of a s o r t  
of samarium-cobalt magnet [5 ] .  
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CONCLUSIONS 
SmCos magnets show generally asymmetrical  
hys t e re s i s  cu rves  in  the  r eg ion  of ordinary magnetic 
f i e l d   s t r e n g t h .  However, i f   they  are   magnet ized by 
f i e l d s  of over 14 T ,  t he  hys t e re s i s  l oops  of SmCos 
magnets become exac t ly  symmetric except fo r  t he  expe r i -  
mental  errors caused by the  thermal  f luc tua t ion  a f te r  
e f f e c t .  
